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Abstract

The driver linac of the projected RIA facility is acomputational efficiency, and has additional features such
versatile accelerator, a 1.4-GV, CW superconducting (S@} the assignment of accuracy and precision errors to each
linac designed to simultaneously accelerate several heawyenitor. We present the algorithm in its new
ion charge states, providing beams from proton tonplementation and preliminary studies to optimize the
uranium at 400 MeV/u at power levels at a minimum ofiumber and location of steering elements in the SC driver
100 kW and up to 400 kW for most beams. Acceleratioimac.
of multiple-charge-state uranium beams places stringent
requirements on the linac design. A steering algorithm CORRECTIONALGORITHM NEW
was derived that fulfiled the driver's _ real_ estate IMPLEMENTATION
requirements, such as placement of steering dipole coils , . i ,
on SC solenoids and of beam position monitors oetsid! "€ algorithm can be implemented in “correction
cryostats, and beam-dynamics requirements, such $gEtions”, whereby N correctors and M monitors are
coupling effects induced by the focusing solenoids. TH&lated by the following two sets of equations:
algorithm has been fully integrated into the tracking code

TRACK and it is used to study and optimize the numbe¥s _ . ., . .\ N _ _ . (1-a)

and position of steering elements that minimize th»_lF‘)‘lz(l’I ) fx(')+i§1R14("| )Ty )= Xmonl")

multiple-beam centroid oscillations and preserve the beam N,

emittance under misalignments of accelerating and Re,(i,i") f, (i) + X Raa(i,i") fy () = =Y monl ')

transverse focusing elements in the driver linac. i=1 i=1 (1-b)
DRIVER REQUIREMENTS In Eq. 1-a, R(i, i") are the transfer functions between the

) , , horizontal angle (kick) at correctorand the horizontal
The RIA driver linac will accelerate enough current t%osition at monitori’. Ry, are the transfer functions

deliver 400 kW of beam power to the facility target arégyeyeen the vertical angle at corredtand the horizontal
The driver will also accelerate ions from protons tQ ,sition at monitoi' - in general, R, are non-zero due to
uranium _at energies of 400 MeV/ncheon [1]._ For th oupling; § and § are the (unknown) horizontal and
heaviest ions, simultaneous acceleration of multi-chargegs tical” corrector strengths, respectively. In thes
states of the stripped ions will provide enough curredt an,qaions, the transfer functions include lattizers, and
overcome the present ion source limitations. Two Strippef,e monitor coordinates include accuracy errormils

will provide the optimal charge states to attain the 40Q,:ation applies to Eq. 1-b. It is convenient tevrite
MeV/u with a reduced linac length. Given the high POWEE s 1 in matrix form:

of the beam extremely low levels of losses,
~ 1 W/m must be achieved, so that hands-on-maintenance (R +AR)F = - (X +AX) (2)
and low machine down-time be attainable. Low losses are '

achieved by providing large transverse and longitudinglhere R and X represent the transport matrix anditmo
acceptances, requiring corrective steering of the bungRiior coordinates for the ideal lattice, respetjivAR
centroid in all phase space planes. Beam loss can otes the matrix deviations due to lattice errors
result from emittance growth due to misaligned Iatt'c?misalignments and field errors), anX are errors in the
components such as cavities and focusing magnets gfgnitor-coordinates vector introduced by monitor

must be corrected. A correction algorithm applied to thg; cyracies. The corrector strengths are themrdeted
driver must comply with real-estate limitations of VeNy minimizing the functiorQ given in Eq.3.Q includes
tight drift spaces and coupling introduced by solenoida,sistical weights, wuseful in evaluating the correction
focusing elements. Details of an algorithm that fulfils thg .heme effectiveness. The minimization must obey

driver requirements can be found in [2]. In this pape, cqnsiraints imposed by realistic limits, C, on doerector
present the algorithm as fully implemented in the COd&rengths:

TRACK, a multi-purpose tracking simulation code N
specially suited to simulations of acceleration of heavy- ol = "(Re+AR )R+ X+AX
ions in SC linacs [3]. The algorithm has been rewritten foQ(F) = Zl =

2

3)

JR=C.
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Figure 1 displays a typical “correction sectionhtaining
correctors, monitors, quadrupoles, and tanks coinii
resonators. In the figure, “cdump” area markerdciag real monitor where one wants to determine the beam-
the beginning and end of a correction section; teliis  centroid angle. In this case, two additional edre]

a zero-length device which allows changes in fieldimilar to Eqs.1l, are introduced, containing transf
strength of focusing elements located immediatelfunctions relating the slopes at the correctorthéoslopes
downstream. This option provides a new set of parts  at the monitors, including coupling terms. Finalthe
equations for the region delimited, and is veryfulsen new algorithm implementation has shown to be two to
improving the correction scheme effectiveness.sltai three orders of magnitude faster than the orignas.
faster realization of the dispersion correction hodt on

which the algorithm is based [4].

The beam slope coordinates can also be correcied, b
introducing a virtual monitor a distance L awaynfréhe
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Figure 1: A possible correction section showinguiing, steering elements, and tanks, or cryostatgaining
accelerating elements. The correctors in light lolreespond to correctors not used in the depictekction section.

in 43 periods. There are two correction sectiongrah
except for the first two cryostats, one correctuerg
other cryostat and one monitor after each cryoatat
The driver consists of three sections, designated,| Sufficient to steer the beam. Table 1 displaysrihmber
medium-, and high-energy sections, separated by t/ resonators, focusing and steering elementsillised
stripper areas. For an effective minimization, & iin the three SC driver linac sections.

necessary to divide each linac sector imimrrection

sections The corrected beam from an upstream section Table 1: Steering elements distribution in the ¢h&C
input to a downstream section subject to errordchvis  driver sections. Accelerating and focusing compasmane
then corrected. also shown.

AN OPTIMIZED STEERING LATTICE

The low-energy section precedes the first strippéere

are ten cryo-modules in this part of the driverd an| Element Low En. Med. En.|  High En
focusing is provided by SC solenoids, of lengthsnir

10 cm to 30 cm. For correction purposes, the loargyn | Resonator 83 184 172
section is subdivided into three correction seatidn the :

first two cryostats, where the energy is very lawp | Sclenoid 40 45 0
correctors in each cryostat are necessary to esaper | Quadrupole | 0 0 84
steering. In the remaining of the low-energy settione

corrector per cryostat is sufficient to steer tearn. In the | Corrector 13 19 22
medium-energy section following t_he first strippéxe Monitor 7 18 a1
charge-states are accelerated simultaneously. is th

section of the driver there are 21 cryostats andrB0ong In the following, results from 60-seeds simulatiomish

SC solenoids, varying from 4.5 Tesla to ~7 Tedlds| 40,000 macro particles each are shown for cornestio
subdivided into three correction sections, with on€mploying the aforementioned correction scheme.
corrector and one monitor per cryostat providing)cgo Simulations were carried for random-uniform resonat
Steering_ In the low- and medium_energy driver isest misalignments of 0.05-cm, solenoid misalignments
steering will be effected by dipole coils mounted oVvarying from 0.015 for the shortest solenoids up to
solenoids, inside the cryostats. In our presentlsiions, 0.05-cm for the longest solenoids, and quadrupole
correctors are represented by thin-elements. In tff@isalignments of 0.02 cm. Monitor precision errassre
baseline option of the high-beta section, which esm set at 10Qum.

after the second stripper, transverse focusingasiged Figure 2 depicts the corrected horizontal beam lepee

by 42 pairs of warm quadrupoles. Elliptical cawtiof Shown on the top, and the horizontal beam centroid.
geometrical? equal to 0.49, 0.69 and 0.81, are distributeghown on the bottom. As can be seen, the corrected



envelope is well below the pipe radius; shown

schematically. The large spikes in the figure cspoad 300 -
to the stripper locations. The beam centroid cetidlhs 8 igg' vertical g_ean =%03E
. . — Igma = 0.
are within ~ + 0.3 cm. 5 9
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distributions of the corrected monitor coordinates.

Figure 2: Corrected horizontal envelope (top), \ettee
aperture radius is indicated, and beam centroittctm) SUMMARY

for 60 seeds, under misalignments described itetkte A 4D minimization algorithm tailored to multiple-am
steering can correct position and angle and accfmrnt
over 60 seeds are shown. The horizontal distribuigo sol;:nmd-lndgjlce? ck(J)up_Imgls. It 'St a(ljbeam-_base;jrlslﬂgr; h
slightly more spread that the vertical distributiongn amenat ed(} € Imp eme_nel e;(fpe_zrlmen_a )f/t;
however, all corrector strengths are within estadat . een optimized for computational efficiency in
acceptable limits. Figure 4 shows the correctedr’rbeaIntegratlon in TRACK. It is being used to optimitee

centroid coordinate distributions, where a few ieusl are glrji\%?ﬁirnggd A%?jsitlitgongl?:e;grrggtwiﬂ iilcelrl?c?;tasalli; att|i1c?nR
present in the horizontal distribution. i

of correction by dipole coils mounted on solencitsl
automatic evaluation of correction scheme effectss.

In Fig. 3, the integrated corrector strength disttions
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